Aim: To investigate the association between cancer risk and proximity of place of residence to the Guadalajara nuclear power plants: Trillo and Zorita. Methods: Case-control study. Cases were patients admitted with cancer and controls were non-tumorous patients, both admitted to Guadalajara Hospital (period 1988-99). Exposure factor: place of residence (areas within 10, 20, and 30 km of each plant). Odds ratios (ORs) of those areas closest to the plants were calculated with respect to those furthest away; a linear trend analysis was also performed. Results: In the extreme areas in the vicinity of Trillo, an OR of 1.71 was obtained (95% CI 1.15 to 2.53), increasing in magnitude in the subgroup of more radioinducible tumours and in the period considered as post-latency . Risk increased linearly with proximity to the two plants, significantly in Trillo (p < 0.01) but not in Zorita (p = 0.19). Conclusions: There is an association between proximity of residence to Trillo and cancer risk, although the limitations of the study should be kept in mind when interpreting the possible causal relation.
D
espite numerous studies of low dose exposure to ionising radiation performed by the scientific community since 1947 (the year in which the Radiation Effect Research Foundation (RERF) was created), there is still much uncertainty in the evaluation of risk, both of the doseresponse relation and of the existence and quantification of a practical dose threshold. [1] [2] [3] This uncertainty, mainly of oncological risk, is especially projected onto resident populations in the areas of influence around nuclear power plants. This population may be subjected to greater radioactive exposure, as shown by biological dosimetry in the inhabitants from the area surrounding the nuclear plant in Krümmel (Germany). 4 To date, there is no conclusive epidemiological evidence to support the hypothesis of greater cancer risk around these nuclear facilities. In contrast with studies that find an increased risk for leukaemia, [5] [6] [7] [8] [9] [10] certain specific tumours, 11 12 and all tumours, 13 14 other studies, carried out in similar circumstances, show negative results. [15] [16] [17] In Spain, where few of these types of studies have been carried out, an excessive mortality owing to leukaemia was found around uranium concentrate factories in Andujar and Ciudad Rodrigo, as well as multiple myeloma in the area influenced by the plant in Zorita (Guadalajara). 18 Although in this latter study Spanish nuclear installations were studied as a whole, the Trillo plant was not studied as it started up towards the end of the study period .
According to the reports of the "Consejo de Seguridad Nuclear" (Nuclear Safety Council), 19 the only regulatory organisation in Spain for radiological protection materials, both plants (Zorita and Trillo) have experienced normal working function, in both radioactive emissions to the environment and doses received by those working at the plants. However, the need to respond to the anxiety generated by both nuclear installations in the population residing in the respective areas was the motivation for the present study, the objective of which was to determine the association between development of malignant tumours and the degree of proximity of place of residence to the nuclear power stations in the province of Guadalajara.
MATERIALS AND METHODS
The province of Guadalajara is located in the centre of Spain, to the northeast of Madrid, with a population of 156 951 inhabitants ("list of inhabitants" from 1996). Spanish public health services are universal, and in Guadalajara these services are provided by 26 primary care centres and only one hospital with 370 beds to which those patients requiring hospital admittance are referred.
In the province, there are two low water pressure nuclear power stations: Zorita, which started up in 1968, and Trillo, which began operations in 1987.
The study design utilised was a case-control study. Cases were patients with cancer and controls were non-tumorous patients, both admitted to Guadalajara Hospital. Exposure factor was the place of residence (areas within 10, 20, and 30 km of each plant).
This paper forms part of a more extensive study where, in addition to the areas surrounding the plants, the regions that make up the province were analysed. 20 The cases included were all patients with malignant tumours admitted to the Hospital de Guadalajara between 27 December 1988 and 16 January 1999. Inclusion criteria were: admittance for non-secondary malignant tumour pathology, and residence in the province. Those patients admitted more than once in the study period count as one case and the date of admittance used was that of the initial admittance. A total of 4492 cases met the inclusion criteria, of which 838 resided in the areas in the vicinity of the nuclear power stations.
Controls were chosen from patients admitted to the same hospital and during the same period of time. The controls selected were those that fulfilled the following criteria: admittance for non-tumorous pathology, no tumorous pathology indicated on the admittance report, and residence in the province. For those persons admitted more than once during the referred time period, we adopted the same criteria as for the clinical cases. A total of 9876 controls met these requirements throughout the province, of which 1524 resided in the areas surrounding the plants. Of these, a stratified selection was carried out by sex and age group (<40, 40-59, 60-79, and >80). This stratification was completed for each of the analyses of the different tumour groups contemplated in this study in order for the odds ratio to be controlled for age and sex. The stratification done for each analysis led to different control subject totals in each one. As such, the total number of controls selected for the global analysis was 4377, of which 802 resided in the areas surrounding the stations, although this number varied in the rest of the analyses.
The exposure variable was the degree of proximity of place of residence to the nuclear power stations. Evaluation of this variable was performed by establishing the following zones ( fig 1): • T10, T20, and T30: Municipalities located around the Trillo plant within a radius of 0-10 km, 10-20 km, and 20-30 km, respectively, and not included in the zone of common influence (ZCI) with the Zorita plant.
• Z10, Z20, and Z30: As above, but for the Zorita plant.
• ZCI: Zone of common influence, influenced by both plants, which is constituted by the intersection of the 30 km radii.
The population living in the mentioned zones of influence, according to the "list of inhabitants" of 1996, was 27 802 and the total number of municipalities was 134. According to the municipal lists of inhabitants, the population remained practically stable during the study period ( fig 2) . Each of the zones is rural in nature, the population density ranging between 4 and 13 inhabitants per km 2 and the largest population nucleus having no more than 1800 inhabitants.
The information source used for pathology as well as for place of residence is the computerised database of discharge reports from hospital, completed for each patient admitted, provided by the Admission and Clinical Documentation Services of the hospital. Clinical histories were discarded as sources of information because, after a systematic review of 265 histories, we noted an absence of data on confounding factors in 30% of these.
As we were unable to evaluate the smoking habits of each subject because this information was not present in the clinical histories, this was evaluated indirectly as a possible confounding factor. To do so, we quantified among the controls and in each zone surrounding the power stations, the number of persons affected by pathologies related to smoking, as well as that of persons affected by pathologies not related to it, comparing both distributions. The following pathologies that are strongly related to smoking were considered: ischaemic heart disease, chronic obstructive pulmonary disease, cerebrovascular accident, arterial embolism and thrombosis, chronic laryngitis, and pharyngitis. 21 Others variables were:
• Radioinducibility of the tumours: Two categories were defined (tumours that are less or not at all radioinducible and the remainder of the tumours grouped in the category of more radioinducible tumours). Considered as less radioinducible are those tumours whose association with radiation is not significant as outlined in Report 12 of the RERF 22 (foundation that researches the mortality of survivors of atomic bombs) and, in addition, have not been referred to with a positive association in the overall bibliographic review. Tumours considered as less radioinducible are: rectal and anal, pancreatic, laryngeal, uterine, renal, non-Hodgkin's lymphoma, Hodgkin's disease, and chronic lymphatic leukaemia.
• Period of latency: The minimal time interval estimated by the International Commission on Radiological Protection (ICRP) 23 between exposure to radiation and appearance of the tumour is two years for leukaemia and five for other tumours, although after the Chernobyl accident, 24 and as a result of radon studies in miners, 25 somewhat shorter latency periods have been found. In the study of the area surrounding Trillo, given that this plant started up one year before our study began and in order to take into consideration the latency period, we analysed the periods 1989-93, 1994-96, and 1997-99, considering only the latter to be outside the latency period. Nevertheless, as the Zorita plant began its operations in 1968, it was not necessary to consider latency period in the study of its surrounding area. The following analyses were performed:
• Calculation of odds ratio (OR) for all tumuors, and for tumour groups that are more and less radioinducible for the areas that are closest to the plants, T10 and Z10, with respect to those that are furthest (areas within radii 20, 30, and ZCI). The 95% confidence interval (CI) was calculated. 26 27 • Calculation of previous OR for each of the three periods studied in the area surrounding Trillo, 1989-93, 1994-96, and 1997-99.
• Linear trend analysis 26 27 of the previous OR with respect to degree of distance from the nuclear plants, using the χ 2 test. The ZCI area was not included in this analysis as it is not an area comparable with the rest regarding distance slope.
• Calculation of homogeneity for pathologies related to tobacco and geographical zone of residence for controls, using the χ 2 test. Table 1 shows the total number of cases in each zone studied, as well as selected controls adjusted for age and sex. Table 2 shows the pathologies of the control group according to the large groupings of the CIE 9. In the vicinity of the Trillo plant, 299 cases and 293 controls lived; in the vicinity of the Zorita plant, 407 cases and 397 controls lived. In the intersecting zone, ZCI, 132 cases and 112 controls lived. Calculation of the OR for malignant tumour risk was performed according to the degree of proximity to the nuclear power plants (table 3) . As can be observed, the OR between T10 and T30 was statistically significant (p = 0.01). Thus, it is estimated that persons living in municipalities located less than 10 km from the Trillo plant have a risk of developing a malignant tumour 1.71 times greater than those living in municipalities located at a distance of between 20 and 30 km from the plant.
RESULTS
The differences were not significant in the rest of the comparisons, but a progressive decrease in OR was observed in both plants. By means of the linear trend test, the statistical significance of this tendency was verified for the area surrounding Trillo (p = 0.009), but not for the areas around Zorita (p = 0.196).
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In the area surrounding Trillo, the risk of having a tumour classified in the more radioinducible group was greater among those living in zone T10 than for those in zone T30 (OR 1.86; 95% CI 1.22 to 2.83). As before, the linear trend test showed significance (p = 0.04) for the progressive decrease in OR (table 5) . This association was not maintained for the comparison of the same zones with respect to the less radioinducible tumour group (OR 1.08; p = 0.97). In the area surrounding Zorita, the association was not significant in either of the two tumour groups.
If the excess risk observed in Trillo were due to the plant, given the period of latency the excess would manifest itself in the later years of our study period. The results for the three time periods contemplated (table 6) indicated no relation between the degree of proximity of place of residence and development of a malignant tumour in the first time period as well as in the second-that is, between 1989 and 1996. This changed in the last period, between 1997 and 1999, in which we found a greater risk of having tumours in general, and specifically more radioinducible tumours, if living in zone T10 when compared with other zones around the area. The decreasing linear trend for risk was significant in the group of all tumours as well as in the more radioinducible group (p = 0.002). The less radioinducible tumours showed insignificant ORs in all periods. Among the controls, the total number of patients with pathologies related to smoking in the province was 1239, of which 222 lived in the areas around the nuclear plants. A total of 1982 controls were affected by pathologies unrelated to smoking, of which 354 lived in the areas around the plants. The χ 2 resulting from the comparison of the distributions of the two pathology groups among the different zones surrounding the power stations is 3.69 (df = 6), with a statistical significance of 0.72. Therefore, the zones are homogeneous with respect to the incidence of pathologies related to smoking, and as such there is no reason to suspect that smoking can explain the differences in risk found.
DISCUSSION
The influence of proximity of place of residence to a nuclear power station on risk for malignant tumours is suggested by our study in the case of Trillo for the following reasons:
• The statistical association is positive, although small, when the area within a 10 km radius around the Trillo nuclear power plant (T10) is compared with the area found within the 20 and 30 km radii around the plant (T30).
• This association occurs in the "all tumours" group and in the more radioinducible group, where an increased magnitude is also seen.
• The association only occurs in the third period contemplated-that is, between 9 and 11 years after the plant started up, when the magnitude also increased. This interval would already be outside the latency period according to the criteria of the ICRP.
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• The linear trend shows a dose-response relation: as exposure diminishes (as place of residence is further removed from the plants), so does risk of having malignant tumours diminish.
Such an association between tumour risk and distance of residence from nuclear facilities was also observed by Gulis and Fitz 12 at the Jasloské Bohunice (Slovakia) nuclear plant and by Bithell and colleagues 6 at the Sellafield plant. In the area surrounding Zorita, although a decreasing tendency in risk is observed as distance from the plant increases, no significance was shown. In this case, the behaviour of the group of less radioinducible tumours (p = 0.13 in the Z10-Z30 comparison) could be considered as an index of significance, possibly questioning the hypothesis of the influence of proximity to the power station on risk.
However, in a study of mortality and organ specific tumours, López-Abente and colleagues 18 did find a greater risk of mortality by myeloma in the vicinity of Zorita, also with a decreasing tendency as distance from the plant increased. We believe that the differences between the findings of both studies could be due to the fact that the study periods were quite far apart in time (14 years), during which time it is probable that the system of operations of the nuclear power station varied, and also that we included cases diagnosed whereas López-Abente et al studied mortality. In any event, the observation period of López-Abente et al , given the start up date of Trillo (1987) and the latency period of tumours, did not allow for this plant to be studied in depth.
The description of the risk slope as a function of the distance to the power plant was done by comparing the two most proximal zones (T10 and Z10) with the remainder. Generally, the closest areas are usually compared with those farthest away, with predictably lower risks. What we saw to be a disadvantage in this scheme is that it does not compare either T10 with T20 or Z10 with Z20, which prevents us from knowing whether the zone considered to be at a predictably greater risk (T10 or Z10) is similar or not to the neighbouring zone. Nor does the comparison allow for a global comparison between T10 and the rest of the Trillo area considered as one single zone. However, the conclusions derived from the analyses following either one scheme or the other are similar, as the comparisons with T30 and Z30, not done in our study, but whose ORs can be found as coefficients of the ORs of the comparisons done previously, are not significant.
Our study displays certain limitations that should be kept in mind when interpreting the results. As nuclear installations are usually located in areas with low population density, as in the epidemiological studies reviewed, the number of cases is reduced. Having few cases and controls in each category has impeded the study of the behaviour of organ specific tumours.
Possible changes in residence prior to diagnosis are unknown. However, given the stability of the population during the study period, there is no apparent reason to suspect that this factor would have an appreciable influence. Other possible confounding factors, such as occupation and eating habits, have not been studied.
The dose-response relation obtained in the epidemiological study was not observable with the physical dosimetry available, 19 although the dosimetry, which includes the natural radioactive background, does not include the internal dose received by inhalation or ingestion of artificial isotopes in the different zones of the area around the nuclear plants contemplated in this study. This is an aspect which has not really been considered in earlier manuscripts 28 ; thus it would be interesting to carry out an alternative study using biological dosimetry as was done in the area surrounding the Krümmel nuclear plant. 4 In any event, the association found in the Trillo nuclear power plant could be due to the exposure suffered at the initial start up of the plant, and given that our study only includes a few years of post-latency, it would be convenient to prolong the study period in future research, at the same time trying to mitigate the effects of the limitations mentioned. 
A
prospective study of over 6500 British civil servants-the Whitehall II study-has disclosed that ill health and cardiovascular risk are as influenced by socioeconomic gradient as they were over a decade ago. The change in gradient of employment grades between baseline and 11.1 years' follow up for cardiovascular illness and risk factors between the highest and lowest grades was more or less similar for most of the measures. Significantly steeper gradients were seen for General Household Questionnaire score and caseness and depression in men and women and for serum cholesterol concentration in men.
Data were used from three phases of the Whitehall II study. Phase 1 (1985-8) included screening data on height, weight, blood pressure, and serum cholesterol concentration, plus self reported questionnaire data on demographic factors, work, employment grade, lifestyle. Phases 3 (1992-3) and 5 (1997-9) contributed repeat screening data and follow up questionnaire data at 5.3 years and 11.1 years, respectively. Complete data were obtained for 6770 subjects. The significance of the change in employment grade gradient was determined from the difference in regression coefficients for the gradient at the three phases tested against the null hypothesis.
The Whitehall II study was intended to clarify the link between employment grade and mortality noted in the Whitehall I study. Population data have generally indicated that socioeconomic gradient in mortality has increased. Cardiovascular studies suggested that socioeconomic differences were stable or dropping. However, they did not address trends in cardiovascular health and risk, as the Whitehall II study has. 
